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Human Genome Project
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https://www.researchgate.net/figure/Human-genome-Project-published-in-Nature-http-wwwnaturecom-nature-journal_fig2_329830959



Timeline for Human Genome Project
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https://www.oreilly.com/ideas/genomics-and-the-role-of-big-data-in-personalizing-the-healthcare-experience



Timeline until HGP
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Nature, 2001

• Human genome project formally launched in 1990 and was declared complete on April 
14, 2003



White House on 26 June 2000
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https://www.theguardian.com/science/gallery/2010/jun/23/human-genome-project



Cost for Human Genome Project
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https://www.researchgate.net/figure/Human-genome-Project-published-in-Nature-http-wwwnaturecom-nature-journal_fig2_329830959



Strategy for sequencing
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Nature, 2001



Cost for genome sequencing
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https://www.researchgate.net/figure/a-Cost-per-base-of-the-different-sequencing-techniques-as-a-function-of-time-The-gray_fig2_271772842

Next Generation Sequencing platform was appeared as game exchanger in 
sequencing field



Next Generation Sequencing Platform

10/총페이지수

http://www.vib.be/en/about-vib/annual-report/2012/research/activities/Pages/Service%20Facilities.aspx

• Roche/454 (GS FLX+/GS Junior)
• Illumina Genome Analyzer (HiSeq/MiSeq/NextSeq)
• Life Technologies (3500 Genetic Analyzer)
• Ion Torrent Proton/PGM)
• Applied Biosystems (SOLiD, 3730xl DNA Analyzer )



“DNA Sequencing”
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https://www.mygenefood.com/the-language-of-genetics/

• DNA sequencing involves the use of various methods for determining the order of the 
nucleotide bases — adenine, cytosine, guanine, and thymine — in a molecule of DNA



Information including in sequence
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Progress in Retinal and Eye Research, 2015

• DNA sequence includes not 
only template for 
transcription, but also act as 
regulation factors



History of Sequencing technology

13/총페이지수

https://slideplayer.com/slide/3351231/



Sanger Sequencing

14/총페이지수

https://alevelbiology.co.uk/notes/human-genome-project/



Sanger Sequencing
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https://open.library.ubc.ca/cIRcle/collections/ubctheses/24/items/1.0166738



Sanger Sequencing
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https://en.wikipedia.org/wiki/Sanger_sequencing

Technology Analysis time Average 
read length

Throughput (Mb/h)

Slab gel 6–8 hours 700 bp 0.0672

Capillary array electrophoresis 1–3 hours 700 bp 0.166

https://en.wikipedia.org/wiki/Hour


Next generation Sequencing
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Nature Methods, 2014



Next generation Sequencing
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Definition of “Massive parallel”

19/총페이지수

• Massive 
[형용사] (육중하면서) 거대한

• Parallel
[형용사] 병행[병렬]의

• Massive parallel sequencing
The DNA is sequenced via spatially separated, clonally amplified 
DNA templates or single DNA molecules in a flow cell.

Massive parallel sequencing = Next Generation Sequencing



Next Generation Sequencing Platform
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http://www.vib.be/en/about-vib/annual-report/2012/research/activities/Pages/Service%20Facilities.aspx

• Roche/454 (GS FLX+/GS Junior)
• Illumina Genome Analyzer (HiSeq/MiSeq/NextSeq)
• Life Technologies (3500 Genetic Analyzer)
• Ion Torrent Proton/PGM)
• Applied Biosystems (SOLiD, 3730xl DNA Analyzer )



Next Generation Sequencing Machine 
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Molecular cell, 2015



Steps of NGS
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Abm homapage



Clonal amplification - Bridge PCR
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Nature reviews. Genetics, 2009



Clonal amplification – Emulsion PCR
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Nature reviews. Genetics, 2009



Sequencing by sequencing
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Nature reviews. Genetics, 2009



Pyrosequencing
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Nature reviews. Genetics, 2009



Sequencing by ligation
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Nature reviews. Genetics, 2009



Comparison between Sanger and NGS
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Nature biotechnology, 2008



History of Sequencing technology
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https://flxlexblog.wordpress.com/tag/illumina/

1st

2nd

3rd



Third Generation Sequencing

30/총페이지수

Nature biotechnology, 2008

• Third generation sequencing works by reading the nucleotide 
sequences at the single molecule level.

• Existing methods require breaking long strands of DNA into small 
segments then inferring nucleotide sequences by amplification and 
synthesis.

• Third Generation Sequencing  = long-read sequencing

• PacBio and Oxford Nanopore provide manufactures



PacBio
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Nature reviews. Genetics, 2011



Steps in PacBio
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Microbiome, 2013



Nanopore
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https://www.scienceinschool.org/content/decoding-dna-pocket-sized-sequencer



Steps in Nanopre
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Genome Biology, 2011



Strategy to improve sequencing accuracy
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Genome Biology, 2011



Accuracy of Nanopore
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Nature biotechnology, 2008



Comparison of platform between 2nd and 3rd
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Progress in Retinal and Eye Research, 2016



Application of NGS
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Molecular cell, 2015



Biological layer
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Nature Reviews Genetics, 2015



Central dogma with epigenome
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PLoS Medicine, 2010



Sequencing using whole genome
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Nature, 2017



Type of variants
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https://www.pacb.com/applications/whole-genome-sequencing/variant-detection/



The Angelina effect
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Time Magazine



BRCA1 and BRCA2
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https://www.cancer.gov/about-cancer/causes-prevention/genetics/brca-fact-sheet



Sequencing for resequencing
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https://ngxbio.com/pub/media/magefan_blog/WES1.jpg



Whole Exome Sequencing
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https://ngxbio.com/pub/media/magefan_blog/WES1.jpg



Steps of De novo genome assembly
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BMC Bioinformatics, 2017



Genome assembly algorithms
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Genome research, 2010



Messenger RNA
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https://www.researchgate.net/figure/Schematic-diagram-of-prokaryotic-top-and-eukaryotic-bottom-mRNA-Bars-indicate-the_fig1_305698915



Non-coding RNA
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Genome research, 2010



Type of RNA-seq
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Nature Reviews Genetics, 2016



Type of RNA-seq
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Nature Reviews Genetics, 2016



Type of RNA-seq
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Nature Reviews Genetics, 2016



RNA-seq data analysis
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https://www.intechopen.com/books/applications-of-rna-seq-and-omics-strategies-
from-microorganisms-to-human-health/rna-seq-applications-and-best-practices



RNA-seq data analysis
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Nature reviews genetics, 2009



Nobel prize – RNA Interference
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https://www.nobelprize.org/prizes/medicine/2006/summary/



Micro RNA biogenesis
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Nature reviews Genetics, 2004



Chromatin and Chromatin immunoprecipitation
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Endocrine-Related Cancer, 2018



Sequencing Application in Epigenome
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Endocrine-Related Cancer, 2018



Epigenome function
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Nature Reviews Genetics, 2016



ChIP-Seq and DNA accessibility sequencing
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Nature Reviews Genetics, 2012



Histone modification
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Nature reviews Cancer, 2001



Regulation by histone profile
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Nature reviews. Genetics, 2011



Active regulation in gene
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Trends in Biochemical Sciences, 2010



‘Dashboard’ of histone modifications 
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Nature reviews. Genetics, 2011



Histone profile depending on Cell type
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Nature Reviews Genetics, 2014



Classes of DNA-bound proteins
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Nature Reviews Genetics, 2014



Principle detection of protein binding region
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https://galaxyproject.org/tutorials/chip/



Principle detection of protein binding region
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Difference of peak result depending on program
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Unpublished



Active regulation in gene
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Epigenetics in Human Disease, 2018



Sequencing to investigate DNA accessibility 

72/총페이지수

Nature Reviews Genetics, 2014



Sequencing to investigate DNA accessibility 
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Nature Reviews Genetics, 2014



Sequencing method to measure methylation
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Cell, 2014



DNA methylation mechanism
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Cell, 2014



DNA methylation mechanism
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Nature, 2015



Sequencing for methylation
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Cell, 2014



DNA methylation function

78/총페이지수

Nature, 2015



Chromatin structure
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Trends in Biochemical Sciences, 2010



Chromatin Conformation Capture(3C)
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https://nanoporetech.com/resource-centre/pore-c-using-nanopore-reads-
delineate-long-range-interactions-between-genomic-loci#image1&



3C-based approaches
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Nature Reviews Genetics, 2016



Conformation in genome
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Nature Reviews Genetics, 2016



Conformation in genome

83/총페이지수

Nature Reviews Genetics, 2016



Diseases associated to chromatin conformation
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Cell, 2015



Interplay among epigenome feature
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Interplay among epigenome feature
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Interplay among epigenome feature
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Multi-omics analysis
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http://compbio.mit.edu/ChromHMM/




